1. Introduction {#sec1}
===============

Social systems and social change modulate human interactions with ecosystems and mediate ecological impacts ([@bib59]). People\'s capacity to adapt to social and ecological changes implies that these systems need to be considered dynamic. In turn, the existence of diversity in adaptation strategies, how that diversity is distributed or patterned, has implications for the ultimate resilience of social-ecological systems and the well-being of individuals, families, and communities ([@bib64]).

Commercial fishing is a highly risky occupation subject to spatial and temporal variability across multiple social and ecological dimensions ([@bib57]). Across the world, fisheries are changing more rapidly than in the past in response to the increased pace of ecological, technological, market, and other socioeconomic shifts, necessitating more rapid response and varied adaptations ([@bib1]; [@bib22]; [@bib53]; [@bib80]). Researchers have shown that understanding the importance of the family unit as responsive to changing conditions is central to developing effective policies that facilitate adaptation ([@bib75]; [@bib107]; [@bib106]; [@bib81]). Yet the research on the role that the family unit has in adaptive choices and how those choices in turn affect individual and family well-being is fragmented and largely responsive to specific changes in fishery conditions, i.e. catch share implementation, stock and price declines ([@bib42]; [@bib70]; [@bib71]; [@bib107]; [@bib24]; [@bib67]), with some notable exceptions that focus on longer term family evolution ([@bib45]; [@bib101]) and the central role of women in providing adaptive capacity ([@bib72]; [@bib9]; [@bib14]; [@bib17]).

Unlike businesses or firms structured to maximize profits, commercial fishing families are often organized around non-economic household concerns and family interests with shared work structures that may allow them to more readily adjust to lean fishing times ([@bib37]; [@bib41]; [@bib73]; [@bib67]). The reserve of labor coupled with pooled economic, cultural, and knowledge resources may allow fishing families a degree of adaptability that is not readily replicated in other contexts ([@bib43]; [@bib37]; [@bib67]; [@bib101]). Fishing families often operate in terms of expenses and income rather than wages and profits, moving resources like labor and capital fluidly in response to expansions and contractions, a versatility that can be critical for survival in lean times ([@bib42]; [@bib73]; [@bib67]).

Although adaptations may mitigate adverse livelihood effects of fisheries downturns, they may also be associated with implicit tradeoffs in other well-being components (e.g., family connection, physical safety). A fisherman may go out further to sea to adjust to decreasing nearshore catches, which may attenuate diminishing earnings, but in turn increase safety risk and time away from family ([@bib30], [@bib95]; [@bib28]). The balance of well-being components with adaptation strategies is going to be determined by the freedom and agency of individuals in terms of choosing whether and how to adapt ([@bib27]). Yet, families are comprised of multiple individuals and even within families making unified adaptation choices there are likely to be both intra-personal tradeoffs on different components of well-being and inter-personal tradeoffs between the well-being of various actors ([@bib69]; [@bib28]).

The following study examines commercial fishing family characteristics and adaptation strategies to changing fishery conditions in Gulf of Alaska fishing communities. The Gulf of Alaska has been identified as one of the sentinels for ecosystem change in the world, where ocean warming is occurring fastest and where temperature anomalies associated with marine heat waves have already greatly undermined some fisheries ([@bib53]; [@bib2] [@bib102]). For example, in response to unprecedented low numbers of Pacific cod the Gulf of Alaska federal directed cod fishery will be closed in 2020 (NPFMC 2020) At the same time large-scale technological disasters and price shocks, including the Exxon Valdez Oil Spill and the decline of salmon prices following the introduction of farmed salmon, as well as the implementation of increasingly complex management regimes in the region have affected when, where, and how people participate in fisheries ([@bib82]; [@bib19]; [@bib21]; [@bib61]; [@bib49]). Thus fishing families in the area have been grappling with multifaceted change for decades and the ways in which they have applied and modified their adaptation strategies over that timeframe can inform a broader understanding of how fishing communities may adapt to change elsewhere. Furthermore, this study illuminates factors that contribute to choices about adaptive strategies and the well-being tradeoffs associated with these strategies, providing a context for understanding how adaptations and associated well-being may be distributed within and across communities.

2. Methods {#sec2}
==========

Information about commercial fishing family characteristics, dynamics, and responses to changing conditions was garnered from discussions held during focus groups from June 2017 to September 2018 across the seven largest fishing communities in the Gulf of Alaska in terms of revenues and number of vessels: Anchorage, Cordova, Homer, Juneau, Kodiak, Petersburg, and Sitka. This research is specific to commercial fishing families in the harvesting sector, and similar dynamics could be explored separately for processing families. The focus groups were intended to provide a venue for a facilitated discussion of three key topic areas: (1) fishing family roles and gender divisions of labor; (2) impacts of management, environmental, economic, and social conditions on fishing family dynamics; and (3) the future of fishing families and women in Alaska fisheries. These focus groups also illuminated patterns in women\'s participation in fishing families and Alaska fisheries more broadly, which are presented in [@bib96].

The first discussion topic focused on perceptions of family roles and responsibilities in Alaska fisheries, wherein participants were asked to define a fishing family and the inherent characteristics of those families. The intent of discussing the characteristics of fishing families as the initial discourse of the focus groups was two-fold. First, it contextualized the remainder of the focus group discussion within a broader framework of various components of well-being ([@bib13]) because the characterization of fishing families enveloped numerous components \-- livelihood, identity, family connection, sense of community, etc. Secondly, by initiating the conversation with a simple question about "what is a fishing family", it empowered participants with wholly providing the language for defining those characteristics and reduced researcher bias in informing that process. In addition, allowing participants the autonomy to fully frame their own fishing family attenuates academic pursuits of "central tendencies", which have been noted by others ([@bib44]). In utilizing focus group methods, this research provides that participants inherently speak to their own experiences and identities in ways that encompass variability not as divergence from the mean but as variations of themes that are largely discussed with respect to their congruence. This was further ensured within this research through emphasis on a diversity of perspectives, wherein participants were asked to not repeat themes unless they disagreed with something that was said, but to speak to their individual experiences of thematic areas.

The second discussion topic focused on fishing family dynamics and adaptation strategies to regulatory, environmental, social, and economic changes. The intent of this topic was to examine the changing conditions that Alaska fishing families have responded to and the strategies they have employed to adapt to those conditions. Participants were given a memory aid \-- a timeline of major events in Alaska\'s fisheries from 1900 to the present day (see supplementary materials) \-- which was conducted as an individual exercise prior to group discussion. This exercise helped to facilitate the discussion and tap into social memory and cultural heritage ([@bib74]; [@bib26]; [@bib14]), while providing participants with a way of framing their experiences that is less subject to group dynamics and censoring ([@bib58]; [@bib18]). These responses were also analyzed and incorporated into the overall results on fishing family dynamics and changing conditions.

The third discussion topic focused on expectations about future shifts in the relevant socio-ecological system and how participants envisioned adapting to those circumstances, given their experiences in the past. This discussion was often highly integrated with that of the second discussion topic and elucidated how adaptation strategies may need to evolve to accommodate rapidly changing conditions and how fishing families are responding to increased uncertainty about the landscape within which they operate.

A maximum variation sampling design was implemented, which targeted study sites and participants across specified criteria to understand fishing family dynamics and adaptations across a broad spectrum of experiences ([@bib29]). The seven fishing communities were selected on the basis of their high fisheries engagement and participation across a variety of fisheries, with differing historical contexts of changing fishery conditions and participation. Key informants were identified for the focus groups across a number of criteria, including gender, age, years of fishing experience, family contexts, and target fisheries ([@bib99]; Krueger and Casey, 20014). The focus groups were also advertised with local fishing associations and organizations, which helped to identify and solicit potential participants. However, because these were effectively public meetings, the sample was not fully under the control of the researcher. A total of 102 participants attended the focus groups, participating across at least 20 distinct fisheries (although the actual total is likely to be much greater due to gear and area distinctions that are not readily demarcated from the discussions), with an estimated age range of 15--70 and an average of 45 (as ages were not directly solicited), with a total of 59 women across the focus groups. [Fig. 1](#fig1){ref-type="fig"} provides the geographic, demographic, and fishery distribution of the focus group participants. Many focus group participants participate in multiple fisheries and some were fishery representatives or managers that did not indicate activity in any fishery.Fig. 1Map of focus group communities each listing the fisheries that each group indicated some degree of participation.Fig. 1

The focus groups lasted 2 h each, with process agendas and interview guides based on open ended topics to elicit spontaneous and multi-layered responses ([@bib58]; [@bib62]). In addition to the timeline exercise described above, participants were provided with handouts for additional feedback for each topic. Major themes for each topic were summarized on flip charts posted at the front of the room, which allowed participants to reflect on the full discourse of each topic area while the conversation continued and for the researcher to track data saturation points on each topic. The major themes and related discussions were summarized for each focus group and provided to participants via email for further feedback allowing them the opportunity to challenge any interpretations by the researcher and to provide further explanations. The focus group discussions were recorded with the informed consent of the participants and transcribed verbatim. Transcribed discussions were entered into MAXQDA, a qualitative data analysis program, and thematically coded using grounded theory ([@bib94]).

Focus groups provide a means of conducting robust research across multiple, geographically isolated communities (as in the Gulf of Alaska) when resources such as time and capital for travel are limited ([@bib98]). Furthermore, in facilitating a wider geographic scope for research, focus groups can also provide for inter-community comparisons and examining conceptual reliability in thematic areas across the group discourse ([@bib98]). In this case this was exemplified through examining the utilization of similar adaptation strategies across communities. Focus groups are a method for conducting participatory research that benefit from group discourse yielding results that could not be generated from individual interviews alone ([@bib58]; [@bib62]), which have been employed in other contexts examining fishing families ([@bib107]; [@bib7]). In this study the group discussion allowed participants to identify both the commonality and divergence in the adaptation strategies that they employed in response to various conditions and the factors that may have contributed to any differences. Despite substantial variation in community sample sizes the overall sample is considered representative since the focus of this study is to understand the diversity of adaptation strategies that have been employed to a mixture of conditions that have differentially affected these communities.

3. Results and discussion {#sec3}
=========================

3.1. Exploring the characteristics of Alaska commercial fishing families {#sec3.1}
------------------------------------------------------------------------

For exploratory purposes in initial data analysis, a word cloud was created of the top 100 words used by focus group participants to characterize fishing families that denote the frequency of usage by word size, ([Fig. 2](#fig2){ref-type="fig"} ). (The colors in the figure are only an artistic rendering and do not represent any statistical aspects of the data). The foremost feature of a fishing family that emerged from this exercise was the social relationships, exemplied with the prominence of various words including kids, women, families, daughters, people, guys, role, dad, mom, wife, sons, husband, skipper, community, and men. The employment and physical dimensions that characterize families with respect to the fishing occupation are also notable in the world cloud, with boat, things, home, work, operation, and job all appearing with various frequency. The importance of the temporal landscape for fishing families is also conveyed with the time-related words (years, time, day). Although income and money both appear in the word cloud these words were used less frequently than most of the words that comprise the other dimensions noted above, which is aligned with previous findings that income may be less relevant for fishing identities and maintaining participation than other facets of the occupation ([@bib42]; [@bib46]; [@bib100]; [@bib79]).Fig. 2Word cloud of top 100 words used to characterize fishing families by focus group participants. Word cloud created in R using the package "wordcloud2".Fig. 2

The overarching dimensions of fishing family characteristics that appear in the world cloud were consistent with thematic areas that emerged during the coding process for the focus group transcripts. The discussion of fishing families across the focus groups revealed four general areas that, according to participants, characterize fishing families - culture and identity, livelihood, social relationships, independence and resilience. [Fig. 3](#fig3){ref-type="fig"} shows these overarching characteristics as well as specific components of those characteristics (each of which are described in more detail below). The characteristics denoted were homogenous across focus group participants, irrespective of their target fisheries and communities.Fig. 3Defining characteristics of Gulf of Alaska fishing families as described by focus group participants. Note: Graphic made with the help of NOAA-NMFS-AFSC.Fig. 3

According to focus group participants, fishing families are characterized by a number of salient features: (1) economic dependence on fishing (to various degrees); (2) independence and resilience in the face of high variability and risk; (3) a sense of self (individual and family) and community tied to fisheries that is propagated through generations and that permeates everyday life, and (4) social relationships built upon the common experience of fishing and its associated risks.

The characteristics of fishing families highlighted by focus group participants are implicitly intertwined and inherently synergistic. Fishing families, as described by focus group participants, are structured around the unpredictability and seasonality of fisheries, which necessitate both a flexible reserve labor pool and near constant scheduling accommodations ([@bib45]). The ways in which fishing families manage their operations, with fluidity and adaptability implies that all family members have a role in the operation ([@bib42]; [@bib45]; [@bib67]). This structure helps to in turn build a family value system that affects everything from daily activities to child rearing philosophies ([@bib24]; [@bib45]; [@bib67]). These dynamics contribute to personal and family identities that are structured around fishing as a way of life rather than an occupation and include a sense of pride associated with demonstrable family resilience, especially in the face of high risk and variability ([@bib44]; [@bib33]; [@bib78]; [@bib92]; [@bib70]; [@bib14]; [@bib17]). In turn, families build deep connections internally and with other fishing families in their community upon which they rely for support in the face of financial and emotional adversity ([@bib33]; [@bib92]; [@bib24]; [@bib46]).

Participants described fishing as a way of life providing a rhythm around which families are structured, from daily life to seasonal transitions. Even for those in the family that do not actively participate in fishing, their lives are often deeply embedded in it, from providing logistical support to planning family life around the fishing seasons. A focus group participant described how deeply this rhythm may sometimes be internalized by family members in relation to her son\'s understanding of seasons:""He was five years old, been fishing since he was two, like I said, and he came home with homework from school and it was a picture of the seasons: summer, winter, fall, you know, spring. And, he was looking at that piece of paper, and he\'s five, and he says, 'mom I don\'t get it.' It said write down what season it is. And I said, 'you know what the seasons are', and he said 'you mean crab, halibut, salmon and herring?'"(Kodiak participant)"

Participants described how fishing is often at the center of family organization and provides the setting for interactions through which identities are created and meanings are constructed ([@bib70]). According to participants, fishing families are defined by their work and how it shapes each generation within their family, instilling values early in children that are deeply ingrained in the occupation, including building a work ethic, a sense of responsibility in helping the family, and discipline. Children are given tasks to perform early on in life that are tied to the success of the fishing operation and thus learn the value of their contribution and how the family unit relies and benefits from each member. Because of the extensive time and isolation that are often associated with fishing, families are afforded the opportunity to build deep connections through learning about each other and how to work together.""Everyone, no matter how old you are, you have some role to play and that role is important to the success to the operation and I think that is what is so important when you are thinking about what a fishing family does."(Kodiak participant)"

Participants discussed a deep sense of pride in their family fishing identity, which is rooted in the independence and agency with which they make a living that researchers note may be difficult to replicate in other occupations ([@bib84]; [@bib5]; [@bib28]). A key dimension of this sensibility is the perceived lack of a social safety net to buffer against hard times in terms of government income insurance programs, which in turn necessitates inherent resilience in the family structure. In contrast, the importance of intra-community buffers was discussed in several communities with respect to the presence of social capital or networks of fishermen and fishing families that, as elsewhere, serve to facilitate life for each other ([@bib32]; [@bib12]; [@bib88]; [@bib56]).

Fishing families may be defined by a set of characteristics that are exceptional to households where occupational responsibilities may be shared, which provide for unique opportunities to shape identities, children, and bonds. However, focus group participants also described how these families are subject to exceptional risks, constant adjustments, and often prolonged periods of separation which may both define them as different from non-fishing families ([@bib45]) as well as stress these bonds and identities. A fishing family\'s reliance on a resource subject to variability in abundance and value puts it inherently at risk of income fluctuations, with an associated sense of uncertainty that is inherently stressful. Fishing families are also in frequent transitions imposed by the departure and arrival of the predominant fishing participant in the household. Both periods are marked by a certain upheaval and necessitate renegotiation of roles and responsibilities, power dynamics and decision making, and family membership more broadly ([@bib71]). The family\'s capacity to fluidly respond to different situations over the course of a day, fishing season, or year seem to build a sense of functionality that underlies its comradery.

The deeply rooted personal identity of fishermen and fishing families coupled with a sense of resilience that, as discussed above, may be integral to that identity can make fishing families reluctant to exit fishing even in the face of diminishing returns and multifaceted adverse conditions ([@bib4]; [@bib74]; [@bib84]; [@bib67]; [@bib101]). Rather, families seem to adopt a variety of often synergistic strategies intended to mitigate financial loss, provide stability for household incomes and family dynamics, and ensure the viability of their fishing operations and family fishing identities in the long-run.""fishing is a lifestyle and you have to decide that\'s the lifestyle that you want to do ... the price of getting into a fishery has always fluctuated over history, whether it\'s quotas or salmon permits or whatever ... if you want the lifestyle, you\'re going to have to pay attention to where you put your money and what you are going to get for a return."(Homer participant)"

3.2. Changing conditions and evolving adaptation strategies {#sec3.2}
-----------------------------------------------------------

This section focuses on adaptations to conditions that were perceived as adverse by focus group participants, which dominated the discourse during the discussions. Nevertheless, it should be noted that some participants also discussed the benefits of certain changes in Alaska\'s fisheries, including catch share programs and hatchery fish production, in terms of providing stability, predictability in business planning, and safety improvements that allowed for *inter alia* product quality improvements, operational expansion, and integrating broader family participation onboard fishing vessels. The discussion of changing conditions begins with the late 1970s, aligned with the representativeness of the majority of the collective memory at the focus groups.

### 3.2.1. Changing conditions in Alaska\'s fisheries {#sec3.2.1}

Over the last three decades, focus group participants noted that fishing families in Alaska have evolved their adaptation strategies in response to a multitude of novel, increasingly complex and synergistic fishery conditions ([Table 1](#tbl1){ref-type="table"} ). The descriptions of the conditions and strategies in [Table 1](#tbl1){ref-type="table"} are provided in terms of the primary ways in which they were discussed by focus group participants. Most conditions affected participants throughout the study period to varying degrees. For example, changes in prices were discussed in terms of large declines (e.g., price shocks in the 1990s following the introduction of farmed salmon into the global fish market) as well as continued year-over-year variability and uncertainty. Because most of these conditions reoccur over time they are not associated with a specific timeframe. However, some events like the Exxon Valdez oil spill in 1989 and the institution of specific limited access privilege programs (LAPPs) -- limited entry and catch share programs - with distinct timestamps were discussed effectively as regime shifts in how people participate in Alaska fisheries. The implementation of LAPPs in Alaska began in the 1970s with limited entry permit programs in State salmon fisheries and has continued over the decades to include catch share programs in federal fisheries, beginning with the Pacific halibut and sablefish Individual Fishing Quota (IFQ) Program in 1995. The institution of a variety of Limited Access Privilege Programs (LAPPs) has limited fishery diversification opportunities and increased entry costs while other management regimes have curtailed when, where, and how families can fish. The volume of management actions that affect fishing families, inclusive not just of fishery-specific regulations like LAPPs but those dealing with safety requirements, insurance, and child labor provisions has also increased according to focus group participants. Furthermore, intricate management systems are coupled with increasingly complex scientific models underpinning stock assessments and perceived ecosystem changes from marine heat waves and climate change more broadly, leaving fishing families feeling heightened uncertainty and anxiety about their futures.""Markets are going to go up and down; stocks are going to go up and down. Those are risks that we know and understand. I learned them since I was old enough to understand English. That I can handle. What I can\'t ... is when somebody comes up with a brand-new model that doesn\'t let you access the resource. Or if it is like we are going to reallocate, that would be a problem."(Petersburg participant)" ""you have uncertainty about the price of fish, uncertainty about the stocks you are dependent on whether it\'s going to be high or low. But I also think we have the added uncertainty about climate change and what how\'s that going to affect things. Typically we\'re on a little bit of variability up and down, but then we have cod go down by 80% in one year and they blamed it on the Blob ... there is going to be more of those types of events in the future which means as a fishing family you are going to have more uncertainty about the revenue you are going to generate."(Kodiak participant)" Table 1Changing conditions in Alaska fisheries and adaptation strategies discussed by focus group participants.Table 1ConditionsDescriptionConditionsDescription*Exxon Valdez* Oil Spill (EVOS) (1989)•Associated effects on stocks and pricesFish prices•Variability/uncertainty•DecreasesManagement•Regulations - instability, season lengths, area closures, insurance/safety/child labor regulations, reallocations, complexityFishing costs•Boats, gear, operating•Science - models/stock assessments, complexity, mistrustsFish Stocks•Variability/uncertaintySociocultural Factors•Drugs, work ethic, technology, demographics, cultural norms•DecreasesLimited Access Privilege Programs (LAPPs)•Entry costs (permits and quota shares)•Catch share and limited entry programs, in particular limited entry in State salmon fisheries (beginning in 1973) and the Pacific halibut and sablefish IFQ Program (1995)StrategiesDescriptionStrategiesDescriptionFisheries Diversification (Portfolio or employment diversification within fisheries)•Area, gear, speciesIncrease effort/Reduce Costs•Fish harder, longer, further•Position (crew, skipper, vessel owner)•Invest in larger vessels•Leasing•Replace paid crew with family membersExit•Geographic or occupationalAltered succession•Delayed retirement•Temporary or permanent•Changed modes of entry or entry patterns into fishing•Fishery specific or general•Changed intra-family transfer patterns•Loan restructuringPluriactivity (income diversification)•Individual or household income diversification outside of fishingPolitical participation•Participation in fisheries policies at the individual, household, or association levelSpecialization within a fishery or group of fisheries•Species, permit or QS investmentIncrease value of harvests•Direct/niche marketing, custom processing•Branding•Product quality improvement

The ways in which changing conditions manifest themselves, as described by focus group participants, have different temporal and spatial dimensions necessitating both a variety and the coupling of adaptation strategies. For conditions that have defined timestamps, such as the *Exxon Valdez* Oil Spill (EVOS), some of the resultant changes like fishery closures were immediate and required instantaneous response. Other conditions are somewhat bounded spatially, like the crash of the red king crab fishery around Kodiak and EVOS, where the effects were described similarly to that of an earthquake with a distinct epicenter and lessening intensity as one moves towards the periphery. Some conditions have substantial inter-annual variation (like stocks and prices) and/or an evolutionary component (LAPPs, management effects, costs, sociocultural factors) necessitating strategies that respond to different temporal dimensions. Ultimately, some conditions have effects that may transpire over the course of multiple years (e.g., the rising costs of entry associated with LAPPs) and many conditions have coupled synergistic or multiplicative effects (e.g., the decline of salmon prices occurred immediately following EVOS, leaving many families with few opportunities to generate fishing income).

### 3.2.2. Adaptation strategies utilized by focus group participants {#sec3.2.2}

The strategies employed by focus group participants in response to the diversity of aforementioned changing conditions in Alaska fisheries are demonstrated in the chord diagram ([Fig. 4](#fig4){ref-type="fig"} ). The thickness of the lines denotes the frequency with which the strategies were noted in the context of a specific condition. The colors are intended to facilitate interpretation of the figure with respect to which adaptations were employed in response to each condition, with each condition having its own designated color. The focus group discourse was not intended to provide an exhaustive list of strategies that each family employed to address each type of condition. Rather, it points to the diversity of strategies employed and potentially the ones participants believed were most critical in addressing any potential adversities.Fig. 4Coupled adaptations to changing conditions derived from focus group discussions. The thickness of the lines represents the extent to which the adaptation strategy was employed in response to each condition. The coloration is intended to facilitate interpretation with each condition having its own associated color. Chord diagram created using the R package "Circlize" ([@bib48]). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)Fig. 4

Modification of fishing behavior with increased effort, fisheries diversification, and decreasing operating costs were noted as the most well-established strategies that were employed by fishing families throughout Gulf of Alaska communities to address changing conditions. Participants noted that increasing effort by fishing harder, going out further to sea, staying out longer, and investing in larger vessels are common responses to fishing revenue declines, as elsewhere ([@bib8]; [@bib42]; [@bib67]; [@bib25]). These strategies are particularly applicable in response to inter-annual variation in spatial distributions of fish and localized depletion and to decreases in dockside prices when harvests are not constrained by individualized quotas. As such, the strategies were indicated by focus group participants to be within the standard portfolio of responses that fishermen have historically utilized to adapt to conventional shifts in conditions -- that is, stock and price variability.

Fisheries diversification, in terms of for example targeting various species, in multiple areas, has also been widely utilized by Alaska fishing families to mitigate income variability in response to inter-annual variation in stock abundance and prices. This is a commonly employed strategy by fisheries participants around the world and has had demonstrable efficacy in decreasing variation in revenues and increasing economic resilience ([@bib8]; [@bib51]; [@bib45]; [@bib57]). However, focus group participants and researchers alike note the decreasing opportunities for diversification in Alaska fisheries over time due to the implementation of LAPPs and associated increases in the costs of entering a fishery ([@bib57]; [@bib6]). Other dimensions of diversification strategies noted by focus group participants included leasing fishing access or harvest privileges and working as crewmembers or skippers on someone else\'s vessel ([@bib97]).

Fishing families also address inter-annual revenue variation by decreasing operating costs. Focus group participants largely discussed replacing paid crewmembers with household family members who do not ostensibly require payment as a way of mitigating costs. Family fishing operations have been noted in other contexts to be fluid and flexible, pooling resources and adjusting to expansions and contractions with a reserve labor pool that may be used to replace a paid crewmember in response to decreasing revenues ([@bib43]; [@bib37]; [@bib8]; [@bib47]; [@bib73]; [@bib85]; [@bib67]).

The focus group discussions indicated that other strategies including increasing value, pluriactivity (diversifying household income), and exit, which have been used to adapt to inter-annual revenue variation from stocks or prices in the past in the region, have grown in frequency of application over time. The increasing utilization of these alternative strategies has been both in response to traditional changing conditions (stocks and prices) and new conditions emerging from broader sociocultural and management transformations (including LAPPs) as the other, more traditional, strategies like diversification have become increasingly constrained by management systems. In turn, focus group participants noted an increasing reliance on value-added strategies as technological developments have facilitated both fish quality improvements and marketing strategies that utilize improved Internet connectivity and the advent of social media to capitalize on shifts in consumer preferences towards products that demonstrate socio-ecological sustainability.

Pluriactivity, manifested through the generation of household income from multiple sources inclusive of fishing, was also noted as an increasingly employed strategy to provide financial security and buffer against uncertainties in fishing incomes ([@bib90]; [@bib45]; [@bib67]; [@bib11]). Engaging in alternative forms of income generation can be undertaken by the member of the household who is the predominant fisherman, but was most frequently mentioned in the context of the other partner. As noted in other parts of the world, this means that pluriactivity in Alaska fishing families often manifests itself as the woman in the household engaging in shoreside employment, which in turn often necessitates renegotiations of traditional gender roles ([@bib70]; [@bib9]; [@bib34]; [@bib3]; [@bib14]; [@bib106]).

The focus group discourse also revealed how exit strategies herein referring to a mixture of strategies that include geographic or occupational, temporary or permanent, fishery specific or general exit, have high degrees of fluidity and connectivity with other adaptations ([@bib8]; [@bib67]). For example, temporary exit was regularly contextualized with pluriactivity, as in the case of responses to EVOS wherein some fishing families took a hiatus from fishing and engaged in other employment associated with the cleanup effort, in an attempt to remain in their geographic communities while awaiting the restoration of local fisheries ([@bib83]). On the other hand, permanent exit from fisheries in response to other changing conditions (especially LAPPs) seemed often associated with concurrent geographic exit, as documented by researchers ([@bib19]; [@bib40]; [@bib89]). This may reflect how identities and sense of place may be intrinsically linked to the fishing occupation for some Alaska communities, so that ceasing to participate in fisheries would imply the loss of a connection to the place itself and thus potentially necessitate geographic exit as well ([@bib19]; [@bib54]; [@bib52]).

Other adaptation strategies seem to be more directly tied to conditions that have largely emerged from changing management regimes and associated complexities, inclusive of but not limited to LAPPs. Focus group participants noted increasing participation in the political process, as individuals, families, or through larger fishing associations, in response to a need to both understand and try to advocate for the family fishing operation within a constantly changing management system. One participant in Homer noted their increased political participation in terms of the adage "'if you\'re not at the table, you\'re on the table'" particularly in reference to LAPPs. Participation in policymaking by attending meetings, providing testimony, and serving on management councils may be an important strategy for fishing families to feel some control of the management process in response to changing conditions, although it is not always coupled with a sense of efficacy in affecting policy ([@bib92]; [@bib70]).

Specialization, in terms of concentrating fishing effort in one fishery, area, or species, can manifest itself as investing in more specialized equipment or quota shares and/or divesting of other fishing access or harvest privileges. Focus group discourse revealed that this strategy was heavily associated with LAPPs in particular ([@bib50]; [@bib55]). The institution of the Pacific halibut and sablefish IFQ Program (IFQ Program) in 1995 was associated by many focus group participants with a loss of harvesting opportunities due to the allocation of very small amounts of quota shares that were not economically worthwhile to fish ([@bib60]; [@bib20]). In the salmon fisheries, the institution of limited access permits included a constraint on the total number of commercial limited entry salmon permits that can be owned and utilized by an individual, effectively necessitating specialization in one type of salmon permit (which are generally area- and gear-specific) (AS 16.43.140). Interestingly, some participants noted that the implementation of the IFQ Program actually provided for greater diversification opportunities for them as the prolonged fishing season no longer conflicted with the season for their primary target fishery (e.g., salmon), affording them the opportunity to participate in the federal halibut and sablefish fisheries as well.

Altered succession dominated the discourse across the focus groups, especially with respect to changes in management, the implementation of LAPPs, sociocultural factors, and costs. For the purposes of coding these focus group results, altered succession encompassed a number of interrelated and co-occurring themes including: changes to entry paths or patterns, no entry, intra-family transfers of harvest or access privileges, and loan structures and restructuring schemes. For example, participants noted that sociocultural factors such as shifting values around work, increasing drug usage, and perceived stigmas surrounding the fishing industry coupled with regulations that in part prevent youth from working onboard fishing vessels (e.g. child labor laws and insurance liability issues) have stymied the growth of the next generation of fishermen. This has been exacerbated by increasing capital and operating costs of fishing along with perceived instability in management regimes including the possibility of reallocations and increasingly complicated scientific models underpinning harvest targets.

Relative to other changing conditions, the effects of LAPPs on altering and limiting succession in Alaska fisheries are perhaps the most well documented amongst the changes impacting entry and exit in Alaska fisheries ([@bib19], [@bib20]; [@bib40]; [@bib89]). With permits and harvest privileges that have generally appreciated in value concurrent with losses in crew employment, coupled with delayed retirement due to increased safety and leasing of privileges, LAPPs have limited diversification opportunities and inhibited or altered entry for new participants around the world ([@bib86]; [@bib76]; [@bib101]; [@bib97]; [@bib103]). Thus, traditional succession patterns of young family members and new participants gaining sufficient experience and capital to become vested in fisheries have changed with the new access structure, potentially impeding the capacity of the next generation of participants to be able to enter and expand their investment in fisheries ([@bib38]; [@bib65]; [@bib39]; [@bib89]). Similar disconnects and intergenerational strife have been noted in other fisheries where Individual Transferable Quotas (ITQs) have disrupted multi-generational family fishing firms and adversely affected family and broader community relationships because of equity concerns ([@bib68]; [@bib77]; [@bib101]).""I know lots of young people who would do just about anything to be successful ... And there\'s not an opportunity to buy a boat and go fishing right now, unless you have to go and buy a permit of some sort. You guys were talking about the salmon fishery and it\'s not a corporate fishery but most people can\'t live an entire year, a family on a salmon season. When you can\'t have access to any other fisheries, then what are you going to do?"(Kodiak participant)"

### 3.2.3. Adaptations and their effects on well-being {#sec3.2.3}

One of the critical links between the impacts of adaptations on well-being is the extent to which a person has the freedom and agency to choose whether and how to adapt ([@bib16]; [@bib105]; [@bib27]). The focus group discourse revealed a number of factors that can constrain the adaptation strategies available to and thus employed by Alaska fishing families ([Table 2](#tbl2){ref-type="table"} ) (which, similarly to conditions and adaptations, is not an exhaustive list but those that were noted in the discussions). Demographic variables coupled with well-being priorities (e.g., maintaining a fishing identity) were of paramount importance to the chosen strategy. For example, fisheries diversification was an adaptation most often noted by older participants who have both the historical context of relying on that strategy and (ostensibly) access to capital to buy additional permits. Pluriactivity and increasing value strategies were also associated with demographics in the discourse. Whereas older fishing participants revealed feeling largely constrained to continuing in fisheries, younger participants denoted a sense of greater occupational mobility ([@bib67]). Similarly focus group discourse revealed that direct marketing is often a strategy employed by women, so that gender or marital/family status could also be included to explain adaptation choices. In part this may be borne out of competitive advantage, but focus group participants also discussed how autonomy related to access to capital and sociocultural factors coupled with a sense of fishing identity and well-being priorities (which may also be associated with demographics) affect adaptation choices.""So, you\'re either in it or you\'re not. And a lot of kids choose not to be in it anymore because they kinda see the writing on the wall ... but for those of us who are older and don\'t have an education in anything but the fisheries. Where are you going to go when you are 50--60 years old? You stay, so you just move around."(Juneau participant)" Table 2Factors affecting the choice of adaptation strategy and the associated dimensions of those factors.Table 2FactorDimensionsDemographicsage, gender, marital status, education, childrenCapital investment in fisheriessize of boat, loans, type of boatSociocultural factorsmacroeconomic trends, cultural normsWell-being dimensionsfishing identity (years of experience and heritage), subjective well-being, prioritization of well-being componentsCommunity factorstransportation and technology access, fishing identityAccess to capitalfamily financing, loan availability

The ultimate impacts of changing conditions on individual and family well-being were implied in the focus group discourse to be associated with not just the success of the adaptation in addressing the adverse impacts of the condition but the effects of the adaptation itself on other dimensions of individual and family life. Although the intent of adaptations is presumably to mitigate adverse livelihood effects from changing fishing conditions that are reducing fishing income, there are other dimensions that may be heterogeneously affected depending on the adaptation strategy and other underlying family dynamics. For example, increasing effort may imply going out further to sea, fishing longer and harder, which can result in heightened safety risks from fishing in unknown grounds with different hazards (strange tides, navigational obstacles, different sea bottoms), farther offshore in small vessels, and with insufficient rest periods ([@bib8]). A few focus group participants noted that these kinds of adaptations usually result in family members other than the primary fisherman staying onshore due to safety concerns. In turn, increased risk can cause stress and anxiety for fishermen and their families while lengthened periods of separation and resultant greater responsibilities for the onshore spouse can strain interpersonal familial relationships ([@bib8]; [@bib107]; [@bib28]). Although the extent of this stress is highly dependent on the structure of the family and how it normally operates ([@bib71]; [@bib107]).

Understanding the nuances of adaptation effects across the components of well-being ([@bib13]) would necessitate a targeted inquiry at how those impacts may unfold across the family unit. What emerged from the focus group discussions, however, was the increasing necessity for families to adapt to changing conditions with a fundamental renegotiation of identities, relationships, and perspectives. According to participants, the increasing reliance on pluriactivity to buffer against variability in fishing income has largely resulted in women in fishing families engaging in shoreside employment and those wages often becoming the primary source of income and in turn sometimes subsidizing the fishing operation ([@bib31]; [@bib66]; [@bib8]; [@bib45]). These sorts of shifts can be detrimental for men whose identity is tied to securing livelihood for their families and participation in the fishing industry ([@bib63]; [@bib34]; [@bib70]; [@bib93]; [@bib91]), and for women it can mean a tradeoff with other uses of their time and energy, including working on the family boat, child care, building social capital, etc. ([@bib93]; [@bib67]). However, focus group participants noted that often even as women in fishing families become the primary breadwinner, their other family responsibilities are not diminished and, as other researchers have noted, the net effect may be a subjugation of their personal well-being in exchange for that of their fishing family ([@bib35]; [@bib10]; [@bib14]; [@bib15]). In addition, women\'s engagement in shoreside employment becomes critical in terms of not just maintaining household income but providing for the family\'s welfare more broadly by ensuring health insurance -- a responsibility that is internalized and often exchanged for the personal enjoyment of participating directly in fisheries.""Well I call my husband a highliner because I have a federal job. As much as I want to be a fishing family where we all fish, I really don\'t think I could abandon my steady paycheck with insurance job in order to do that. There is just too much risk for me personally."(Sitka female participant)"

In cases wherein pluriactivity is coupled with the exit of the fishing partner from fishing, whether temporary or permanent, focus group participants noted that renegotiation of relationships and identities can also be difficult. In effect the adjustment is the opposite of what it is with increased effort because now the family has to adapt to the increased presence of that person within the household ([@bib70]; [@bib71]). Similarly to prolonged absences caused by increased effort, the upheaval is in the normal patterns and duration of entry and exit to which families are adapted and which are often internalized and manifested in their sense of identity. It is the fluctuation beyond the conventional norms that can be destabilizing to fishing families that have created lifestyles, identities, and dynamics based on intermittent presence ([@bib8]; [@bib70]; [@bib71]). At times, the concurrence of substantial income reductions from fishing and changes in established entry and exit patterns for the fishing partner within the household can be the most difficult dynamic faced by fishing families in transition ([@bib71]).

Even for families that may be able to remain within fisheries through various adaptations, numerous participants noted a shift in their perceptions of that participation and implicitly the value they derive from it. In effect there is an implied tradeoff in the adaptation strategies that they have employed to be able to remain within fisheries and their overall well-being.""People used to be fishermen and now they have to also be businessmen. They have to understand the regulatory cycle, they have to understand what potential regulations are out there that might impact them."(Anchorage participant)" ""When I first started fishing was not too long after limited entry in the troll fishery and ... the trollers often took time off and had cook outs and picnics on the beach. And then as the price of entry has gone up and salmon prices have gone down, relative to what people were making, there\'s a lot less of that. People feel a lot more stressed to fish every day. Whether it\'s a family fishery or not. So you see the families operating in a different way and when people are feeling that they really have to make the most of every day, now I am seeing less kids on the boats sometimes"(Juneau participant)"

The necessity of employing various adaptations that in many ways alter their fisheries participation has changed the nature of fishing work for many families, as noted by focus group participants. This has produced new subjectivities for those that have remained in fisheries by *inter alia* decoupling fisheries participation from kinship networks, shifting skipper-crew dynamics, and redefining family paradigms around fishing, breadwinning, and the household more broadly ([@bib33]; [@bib42]; [@bib70]; [@bib85]; [@bib87]). Ultimately, although some have been able to mitigate livelihood declines with adaptation strategies, the cost has been borne on their way of life.""it\'s a lifestyle that has turned into corporate business and the lifestyle is what we are struggling with now"(Kodiak participant)"

As conditions in fisheries continue to change and at an accelerating pace, managers should consider how the policies that they employ may facilitate or impede adaptation and the well-being tradeoffs associated with various adaptation strategies. For instance, whereas LAPPs may have benefits in terms of addressing overcapacity and overfishing in fisheries with excess capacity, they may also impede entry and fisheries diversification opportunities, which have been a historically important mechanism for fisheries participants to respond to flux. When fishermen are not able to mitigate revenue losses, exit from fishing altogether becomes an adaptation strategy, but one that can also imply geographic migration and the loss of a way of life for generations ([@bib89]). Similarly, pluriactivity may be effective at attenuating household income declines but when that becomes the primary strategy of fishing families it may in fact signal unsustainability especially in the face of wider economic instability. For example, the COVID-19 pandemic has resulted in fishing revenue declines as well as an economic downturn that has disproportionately affected the service sector and, therefore, women\'s employment in Alaska ([@bib23]). Given the reliance of many fishing families on women\'s labor to buffer household incomes, the pandemic may have revealed the weaknesses of this adaptation strategy. Other participants are employing value added strategies like direct marketing to address dockside price declines resulting from the pandemic -- a laborious task that is also frequently undertaken by women in fishing families and implies a tradeoff in other potential uses of their time. In effect, managers may need to ensure that the tools that fisheries participants have at their disposal to adapt to change are as diversified as the conditions that they face, not funneling them towards singular strategies that may have limited adaptive capacity in response to varied conditions or unilateral disproportionate well-being effects.

4. Conclusions {#sec4}
==============

Variability and adaptability are built into how fishing families define their underlying characteristics. Those uncertainties seem integral to how fishing families operate, and they have established strategies for dealing with them. However, with the unprecedented pace of environmental change over the last three decades and technological disasters, Gulf of Alaska fishing communities are responding to perceived shocks to a system beyond the established ranges of uncertainty, resulting in a variety of strategies from normative behavior to long-term renegotiations of relationships and identities. This is in part because strategies that were effective at adapting to changes within conventional bounds of risk may be insufficient in the face of challenges that are inherently unpredictable, especially as the pace of change increases. In addition, strategies have implicit tradeoffs between various well-being components so that an adaptation may be effective at mitigating adverse livelihood effects but at the cost of, for example, increased safety risks and less time spent with family. Coupled together these factors are resulting in fishing families throughout the Gulf of Alaska struggling to find new ways to maintain not just their livelihood but their overall well-being.

While this study demonstrates the variation in adaptation strategies and their evolution in response to the multiple facets of changing conditions, it also points to the necessity of understanding the underlying factors that inform adaptation choices. Changes in adaptations over time may be the result of not just necessity borne out of new and more dynamic conditions but the underlying characteristics of fishing individuals, families, communities, and the dynamics themselves. This may be manifest in a shift away from diversification of fishing portfolios, which is increasingly constrained by LAPPs, towards direct marketing strategies that may foster agency by decoupling earnings (to some degree) from global seafood trends, prices, and stock conditions. While the former may be more available to those with access to capital to invest in additional permits, the latter often necessitates comfort with technology and can be facilitated by a shoreside partner, all of which have varied demographic dimensions. Thus some of the distribution in response diversity may be explained by heterogeneity in the fishing population, in addition to the actual conditions. Especially in the context of Alaska, where communities are geographically isolated and many fishing participants are bounded in their adaptation choices by that isolation, adaptation strategies have to be examined at a localized level. Future extensions of this research necessitate systematic examinations of adaptations and their tradeoffs across multiple temporal and spatial scales, as well as actors and social institutions.
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